Introduction
necessary since the objective of this study was to evaluate the differences between the 169 different treatments considering all of the identified compounds without being limited to 170 those for which standards were available. 171
The data (µg/100 g of fresh strawberry) were expressed using the amount of internal 172 standard and the relative area of each compound with respect to that of the internal 173 standard, assuming a response factor equal to one. 174
Statistical analysis
of citric acid) and X 4 (time of thermal treatment) at five levels, on the aromatic profile 178 of the strawberry spreads. 179
The statistical analyses of variance (ANOVA) with a confidence level of 95% (p-value 180 ≤ 0.05) were carried out by means of the software package Statgraphics Plus 5.1 to 181 estimate the significant differences between the raw strawberry batches used. Table 3 In the present work, some original compounds in fresh strawberries such as ethyl 257
propionate, ethyl hexanoate, 3-hexen-1-yl acetate or 3-hexen-1-ol, were not identified in 258 the strawberry spreads, whereas 13 new compounds were detected after processing. 259
These new compounds were classified as 6 aldehydes, 1 alcohol, 4 furans, 1 terpene, 260 and 1 nitrile as it can be seen in table 4 which shows the concentration of these new 261 compounds expressed as µg de VC / 100 g of spread (net variation cannot be calculated 262 as the initial concentration in the raw batches would be equal to 0). 263
It has to be mentioned that of the compounds whose concentration changed after 264 processing, the esters and alcohols decreased their concentration in most of the spreads, 265 except hexyl acetate, ethanol and pentan-2-ol which increased, specifically the last one. The first two components explain 47 % of total variance (PC1 33 % and PC2 14 %). In 290 the score plot, proximity between samples indicates similar behaviour in terms of the 291 volatile profile. In the loading plot, proximity between aromas demonstrates some 292 similarity in their concentration levels. 293
It can be seen that the different raw batches are located on the left, while the formulated 294 products (S1 to S26, and F1 to F26), independent of the sugar mix used (sucrose-295 isomaltulose or fructose-isomaltulose), are distributed on the right. Moreover, the raw 296 batches are separated depending on their volatile composition, so those used during the 297 initial months of the experiments (A-E) are placed in the left of this group, while the 298 other raw batches (F-O), with a high level of ripeness, are placed on the right of this 299 due to different levels of ripeness as was mentioned in the characterization of the raw 301 material. On the other hand, the distribution of the strawberry spreads confirms what 302 was mentioned before; some characteristic compounds of raw strawberry, such as ethyl 303 acetate and some alcohols are placed on the left side as they are more related to raw 304 strawberries. On the opposite, compounds generated after processing such as aldehydes 305 and furans are placed on the right side with the strawberry spreads. 306
Once it was clear that the volatile composition of the raw material had an important 307 effect on the volatile profile of the formulated spreads, it was important to evaluate the 308 effect of the different process variables, as well. Thus new PCA analyses were 309 performed, but this time sucrose-isomaltulose spreads were considered separately from 310 fructose-isomaltulose spreads. Moreover, in order to avoid the variation due to the 311 differences between batches, the net mass variations were used to analyze the original 312 volatile compounds in raw strawberries whose concentration was modified as a 313 consequence of processing. Finally, PCAs of generated compounds were also 314 performed. 315 Figure 2 shows the PCA results of the different sucrose-isomaltulose spreads (2a) and 316 fructose-isomaltulose spreads (2b), as well as the volatile compounds whose 317 concentration was modified. While figure 3 shows the PCA results for the volatile 318 compounds generated as a consequence of the processing expressed as µg de VC/ 100 g 319 of strawberry spread. 320
In these figures, it can be seen that the majority of products are located together, 321 meaning no huge differences in their volatile composition. However, for the modified 322 volatile compounds in sucrose spreadable products, formulations S-19, S-20, S-25 and 323 S-26, are separated from the others, meaning a minor evolution of their volatile profileto those formulations, formulations S-1, S-2, S-3, S-4, S-21 and S-22 were also 326 separated from the rest. These products happened to be the ones with higher levels of 327 pectin and citric acid, which may suggest a major retention of the original volatile 328 compounds with high levels of these two variables. In fact, some authors have 329 confirmed the hardening of the three-dimensional net formed by pectin-fruit-sugar when 330 the levels of citric acid and pectin are increased (Rauch, 1987; Guichard, 1996 
On the other hand, the products formulated with fructose, showed different behaviour. 333
In this case, the formulations were grouped closer together than the sucrose spreadable 334 products, which could be due to a major homogeneity between products. Furthermore, 335 only formulations F-1 and F-2 were separated from the rest in the graphs for the 336 modified compounds and the generated compounds. These results would suggest a 337 different behaviour of the food matrix depending on the sugar added, those products 338 formulated with sucrose and higher levels of pectin and citric acid being the ones which 339
showed a better retention of the original volatile compounds and a minor evolution 340 compared to raw strawberry. 341 342
Conclusions 343
The volatile profile of spreadable strawberry products was influenced by the ripeness of 344 the raw material as well as by processing conditions. The percentages of pectin and 345 citric acid were the variables which had most influence on the retention of the typical 346 volatile profile of fresh strawberries, especially in the products formulated with sucrose 347 and isomaltulose. Most of the esters and alcohols identified in raw material decreased; 348 whereas new compounds, mostly furans and aldehydes, were generated as a Statistical significance *** < 0.001 S: Sucrose; F: Fructose; I: Isomaltulose. X 1 (% of isomaltulose), X 2 (% of pectin), X 3 (% of citric acid) and X 4 (time of thermal treatment (min)). Mean (standard deviation).
F-ratio, estimates between groups and within groups ratio (p-value: statistical significance with 95 % of confidence, ns: no significance; *< 0.05; **< 0.01; ***<0.001).
C 0 : concentration of volatile compound (VC) in the strawberry spread expressed as µg de VC / 100 g of raw strawberry.
C F : concentration of volatile compound (VC) in the correspondent batch of raw strawberry expressed as µg de VC / 100 g of raw strawberry. 
